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An investigation was n.ade of thè cresep charact^ristics of two 
а: и вит allovs, 755-076 and 255-T6, and one magnesium alloy, 
“21-1, under the conditions S£ high temperatures and high stresses, 
These alloys were selected as being representative of the light 
alioys in current use in the aircraft industry. 

Chis investiyation was divided into three phases: (1) fast- 
rate ' Geformetion under tension, (2) creep of short columns in 
co'v»ression, and (3) lateral deflection creep of columns. [his 
thesis encompasses only the first phase of the investigation. ¡he 
other chases are covered by current theses by the author's co- 
worsers, 

Ie was found that the aluminum alloys tested were superior in 
creen resistance to the magnesium alloy at the common terperatures 
aged, 4597F and 5097F. However, the comparative creen resistance 
of the aluminum alloys was dependent upon the temperatures at which 


ГА 


"т ۰ ۰ ۲ а 3 = 
the alloys were cornpared: 755-76 being superior at 350 7, 255-16 
Г с, «Э -. | . a е - + O 
а 560 Е, апа neitner alloy superior to the other at 550 <=. 
The possible use of the alloys tested for short duration under 
conlitions of high temperatures and high stresses is noted. 
¿be data obtained is presented in both tabular and graphic form 
with various croses-plots crovided for the purposes of cross cornparl- 
son лпа to permit easy reference for obtaining given creep character- 


istics of the alloys tester. 








:cunowiedgernents 

Abstract 

Tahle of Contents 

f. introduction 

Ті, Materials Гог Fest 

I. Eoauiprment 

iV. Experimental Technique 
У. tesults and Discussion 
vi. Conclusions 


Vit, necor mendations 


£ibiiography 


psoe 
ы4. 








1, p TI 4 k ity es A 


- 3 


Jue to the tremendvuus speeds now attainel by airplanes ana 

yssiles, tnb en ineerz of t3dav is be ina > scious of th: 
21551165, (ас етиптесет Ol (2 ау 18 сесоппато n Эге CONSCIOUS Oi that 
creep Phenoltiieno, often referred to in the past as "fast-rate' 
deisrmatior, which results from the conditions of elevated temneratLre 
OMe UGK Stresses. This trend towards those aivcrait ana Missile 
с »Q ч t 217541 h зе x h е чт 1)? b = وم ده‎ 55 1 m - 
5۲۰9۹2 ات‎ al “UNICA 2 егоау namic hea ting Will DECOMES 4 WPINCIBAL svTUC 
۲3۵۱ factor has brought ebout increasing intercst in the properties of 
materials et elevated temperature. This is especially true in tae 
2201۵ оі propulsion where the engineers are always striving sor hi 


poerating te nveratures in order to increase the eíficiency si tatir 
power plants. 
bile in Wany oases, it ues veen possibie to circumvent etric- 


Pua. diificulties due to creep phenomenon at elevated teinperatures uy 


ІНЕ две of a tow working stre6s; this practice, im gentral, ts ot 


ге 


acc2ptacle in tne field of aeronautics due to the ever present desire 
1Of greater perrormrance. Therefore, there is a need for the investi- 
gation of the effect of creep.on structural elements at operating 
eumäitiong wlich are a combination of higk temperature and niga 
sse5, às this effect must be known in order to aesign 
Merits eight structure 

"AUS, im Чезітліче с inimurr. weight structures for conditions of 
Misa working stresc and nigh temperature, it is necessary to Know гот 
کے‎ conStant asblied lord the rate of deformation with time defined as the 
ceip. ine phenomenon of time-dependent distortion of metals under 


stress, known as crees, has been recognized ani studied by scientists 








and en  ineers for many years. Asa result, a large volume of in- 

formation covering the theory of creep and creep data is now available, 
However, £5 oí now, little experimental work has been done in 

the field of "fast-rate" aeformation, nor in the fields o£ ст, іп сажа - 


ression cr in Colu:: 3 deflection, sa result, the primary purpose 


“3 


i this investigation was an atter:at to etudy given light alloys in these 


Q 


fields. This thesis covers only that portion of the investigation of 
"fast-rate”" Geformation (tension): that is, creep of the given alumiruir 
and mannesium alloys under conditions of high temperature and high 
stress. Fhe effects of creep in the other fields of this investigation 
(1,2) 


are covered in theses oy this author's co-workers, 


+. ita the increase of interest by the scientists and engineers in 


(3) 


creep and itz effects, Schwope and Jackson made a survey of the 
216106 of creep and nave summarized the existing theories relating to 
creep ohenomena and the extent of the current knowledge on the sub- 
ject. An extensive bibliography of published works in the field is also 
(З). Р ۱ ۱ ۱ 
included. Vadai' ” nas recently furthered the theoretical side of the 
study of creep with his formulation of analytical expressions for 
descridin;g the influence of strain hardening, of the time rate of change 
of the flow resistance, and of recovery strains on the creep and re- 
laxation of metals under uniaxial stress. Extensive investigations nave 
been conducted with resultant controversial explanations, in an attempt 
to determine the physical nature of creep. Faser interest is now 
velag found in the effect of alloying elements on the creep properties of 


(5) 


tals, especially at elevated temperatures. Sherby and Jorn have 


нў. 


(5 


recently indicated that creep and tensile data oí alpha solid solution 


SR i | о, 
alloys ої alun inum above 400%, can be simply related by th 








: м 
er--ollman zelation Z= Z (€e ar) " 


en 


^] 


This investigation was conducted at the Gugzenheim &eronautical 


Laboratory of the California Institute of Technology, during the school 


year, 1951-52, under the supervision of Or. E, U, Sechler. 








In this investigation, it was thought desirable to select light 


aliovs presently used by the aircraft industry. Therefore, with this 
view in iind, the materials finally selected were: 255-T6* and 

75S-T6* aluminum alloys and the FS-1* * razgnesium alloy. it was 
also further decided to investigate these alloys in commercial form. 

The 25S-T6 aluminum alloy specimens were cut from & surveyed, 
forged propeller obtained from the Cooperative Wind Tunnel of 
Pasadena, it might be mentioned, however, that this propelier was 
never in use to the author's knowledge. The 75S-T6 aluminum alioy 
and the FS-1 magnesium alloy specimens were turned down from 5/8" 
round extruded stock, 

Ihe room temperature mechanical properties of these materials 
are given in Table I. The values obtained for the given mechanical 
properties are in fair agreement with nominal values for those pro- 
perties. The room temperature properties of these alloys after ex- 
posure for a period of 50 minutes at a temperature of 550°F for the 
aluminum alloys and 500°F for FS-1 are also given in Table I. The 
tensile stress-strain curves from the above tests are given in Figs. l 
through 3. The tensile specimens for these tests were of the same 


type as those used in the following creep tests. 


* Aluminum Company of America designations. 


ЖЖ Dow Chemical Company designations. 
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۱3 EQUIPMENT 


The testing machine used for these tests was a siagle-lever 
type machine, which maintained a constant load on tur specimen. 


-ry 


The details of the machine are shown in Fig. 4, „һе frame for the 
machine was constructed of mild steel to a specification oí 60,000 
pounds per square inch on the tensile specimen, тһе diagonal legs 
on the loading side of the machine werc found necessary for stability 
under high loading conditions, as then the center of gravity moved 
ане the enclosed frame of the system and tne stand became unstable, 
The lever arr: was suspended from the top plate of the stand by means 
of an adjustable fitting, permitting approximately four inches of travel! 
for proper adjustment of the specimen for height inthe frame. “he 
lever arm gave a ten to one ratio in the load applied to tre specimen 
as against the weight required on the loading plate. 

The three knife-edges, set in the lever-arm, served a two-folü 
purpose: first and foremost, they substantially assisted in the accurate 
alignment of the axis of the specirnen aiong the direction of load - an 


important prerequisite for accurate creep measurement; ana, second, 


۰ 


they permitted an accurate determination of tne mechanical advantage 


А 


of the lever-arm. 

ihe Specimen screwed into an adaptor susnended from a knif»- 
edge through a mechanical heat joint. The heat joint was originall; 
thought necessary to prevent excessive heat loss, but is now believed 
оу this author to have been an elaboration unnecessary for the temnera- 


tures required by this investigation. 


The bottom end of the specimen, through another adaptor and 





heat joint, was connected to a ball-seat joint in the bottom plate oí the 
stand. ih: balleseat joint insuring accurate alignment of the axis of 
the soecimen along the direction of load. 

she construction of the adjustable fitting, by means of which 
the lever arm was suspended from the top plate, restricted the loading 
plate to a travel of 11.75 inches, permitting a maximum total elonga- 
tion of the specimen of 1,175 inches. This elongation was found 
sufficient for the purpose of tnis investigation, though tt did not permit 
the procurement of data on time to rupture under the conditions of 
test, 


v 
« 


Zor obtaining the required elevated temperatures, a furnace 


was designed to be rnounted about the specimen as shown in fig. 4 and 
5. fhe furnace was mounted vertical on a wooden platform laid be- 
tween angle-irons on each side of the stand. it was hinged along a 
vertical diameter and swung open as indicated in Fig. 5, 

The furnace tube was constructed in two halves of nine inch 
(2.4 .) transite asbestos piping. This piping was then lined, to within 
an inch of both top and bottom of the tube, with 2 heat-resistant, 
wolished steel liner, used as a reflector plate, An outer 2331 alum- 


inum covering,thirteen inches in diameter, was encircled about each 


га bf the transite tubr. The spacing between the outer covering and 


ce 


ne transite tube was then heavily packed with roch wool. .: similer 


1 


two-inch insulated spacing was provided {ог both tne top and bottom 


of the furnace tube. The top and bottom of the furnace were then 


srotected by a 1/3" steel slate. The two halves were connected by 


+ 


vertical hinge along the entir ъ ۱ جا جا‎ of the furnace , being 


mans of a 


hote cioved when shut by means of two snap fasteners diametrically 








opposite to the hinges. The details of the furnace construction kre 
given in Figures 6 through 9. 

The heating elements consisted of sixteen vertical elements, 
equally spaced about the inner circumference of the furnace tube. 
These elements were combined into four coils, each consisting of 
four successive elements: two coils in each haif. 

three settings were provided for controlling the ternverature 
of the furnace: high, medium, and low. On the high setting, the 
maximum current consumption of the furnace was obtained, 2,°°° 
watis/hr.; on medium setting, 1,000 watts/hr.; and on low setting, 
500 watts/hr. On either the high or low setting, all coiis operateu: 
being connected in series for the low setting and in parallel for th> 
high setting. On the rmedium setting, one pair of diametrically 
opposite coils were connected in parallel. 

In addition to the permanent heating elernents aescribes above, 
it was necessary to install a temporary 185 watt coil in the bottors of 
the furnace tube. This coil was connected to two terminals installed 
оп à quarter inch asbestos sheet which was then placea in the hotiom 
of the furnace tube. 95 а result, it was most convenient to connect 
the temporary coil directly into the line (not through the furnace 
control), so that it onerated at all times. 

The power for the furnace was led through a breaker Switch to 
a power relay, except for the temporary coil =- the power for ‘waich was 
taken from the breaker switch directly. The temperature control 5 
maintained by an automatic controlling pyrometer. 

The creep strains were procured by means of two, elght-power 


teiescones, permanently mounted four inches apart on the side of 





the furnace. The details of the mounting are shown in Fig. 8 and 9, 
The light source for the telescopes was introduced through a one inch 
hole, centered between the telescopes and passing entirely through 
the telescone mounting and the furnace insulation. The light source 
consisted of a 15 watt, 110 volt bulb mounted on the end of a plastic 
cylinder, fitted to the hole above, This permitted removal of the 
light source whenever it was found desirable or necessary. 

The telescopes, permanently mounted as described above ) 
were focused on two separate scales which were mounted on the 
specimen. The details of the scales are shown in Fig. 10. This 
method of mounting of the telescopes gave two fixed parallel lines 
of sight for reference in the measurement of the creep strains. 

The scales were attached to the specimen four inches apart: 
this distance determining the gage length on the specimen for the 
test. The relative movement between the two scales, measured by 
the movement of each scale past a fixed line of sight on one of the 
telescopes, determined the deformation of the specimen. 

A positive-motion screw type jack was used in loading the 
specimen: this type of jack permitting the most even and uniform 
application of the load. 

The eight-power magnification of the telescope permitted estima- 
tions to 1/10 of the smallest dimension of the scale; thus, strains were 
detectable to approximately 0.00025. 

The details of the creep specimen are given in Fig. llu 6 


gage section was 4 inches long and 0.375 inches in diameter. 











IV. EXPERIMENTAL TRCHNIOUT 


The equipment as assembled is shown іп Гір. + ami 5. 

The initial phase of the investigation was concerned with the 
calibration of the furnace and its control to attain the temperatures 
desired, maintaining a satisfactory temperature gradient across the 
Specimen and a minimum variation of temperature of a specified point. 

it was during this phase that it was necessary to add the tem- 
porary coil at the bottom of the furnace tube in order to attain a ner- 
missable satisfactory gradient across the gage length of the specimen. 
ihe addition of this coil reduced the gradient across the specimen 
from + 119 60 + 39 а: 5509. 

(With the results found above in mind, similar coils were ver- 
manently installed in both top and bottom of the furnace tube of the 
furnaces later completed for the compression and column testing. 
These furnaces also attained a temperature gradient across their 
specimens of + 2°, This, however, may weil have been uue to the 
much greater mass of metal in the furnace tube in the other tests, 
as both the compression and the column deflection tests used a 3 
pound steel cage for reversing the applied tension load of the machines 
to compression ioading of the specimen.) 

For calibration of the furnace, thermocouples were attached 
at both ends and at the center of the gage length of a specimen. The 
thermocouple, leading to the automatic controlling pyrometer, was 
attached to the top adapter. (The controlling thermocouple was then 
kept in this position for the subseauent tests). Che ternperature con- 


trol setting was tnen varied to attain the desired testing temnerature 





at the center of the specimen, the temperature setting of the controlling 
oyrometer then being noted and the gradient observed. 

it was found that this method of temperature control was very 
inadequate, as it was nearly imoossible to reproduce a given setting 
of the spring loaded neecle by means of which the temperature of 
the controlling nyrometer was controlled. therefore, a thermocouple 
was placed at the center of each test snecimen in order to assure 
that each test was on temperature. Further, the lack of a finer adjust- 
ment control for temperature rnade it necessary to accept a variance 
er 15 F from a desired temperature. However, the greatest error 
cue to temperature control was probably the + 3.57 cyclic tempera- 
ture variation which occurred at any given point in the furnace, This 
final cyciic variation of temperature at a given point was then only 
attained after rnany trials and adjustments of the automatic controlling 
pyrometer, being reduced to the above figure fron: an initial variation 
of + 7-1/2°F. (..gain this difficulty was not later encountered in the 
compression and column tests, probably dur to the much greater mass 
of rnetal in the furnace tube during these tests :) 

it was initially desired to set-up a definite set of tests for each 
temperature and each alloy, basing these tests on the tensile proper- 
ties at elevated temperatures for these alloys as given in rig. lé ana 
13. However, the stresses obtained from ig. 12 and 13 were not 
definite enough to permit such a program to be attempted. Therefore, 
the tests finally developed as a result of trial and error loadings, 
using the curves at elevated temperatures as a basis for making a 
juaicious choice of the loading for the first run at each temperatures. 


Thon appropriate tests were made at each temperature to obtain the 
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necessary data to provide a clear picture of the creep at the given 


E 


term neratur 
The alloys were tested in the following order: 755-1!6, 
255-76, and Fool. it had originally been planned to includa the 


ы” 


ZA-60 in this set of tests. 


2 


magnesium alloy -his was founc iu.- 


possible due to time requirements on the completion of tke tests., 
fhe procedure in setting-up a test was standardized enu then 


followed as closely as possible, che threads: of the specimen were 


tiubricated with Мо]усо% =, mixed with machine oil, (Chis was 


an 


& 


necessary to prevent severe binding upon attecnpting to remove the 
Specimen from th adaptors after a test. 

The specirnen was then placed in the adaptors and positioned 
propertly in the furnace оу adjustment of the height of the jack. iv 
maxitrum height of the jack being used for the initial setting, ot 
which the lever arm was positioned ad above the horizontal. 

Che scales were then placed on the Beed section of the 
Smecimen, being carefully svaced four inches apart: this snaciny 
determining the gag- length on ће өресіггеп. -. thertnocounle was 
attached to ihe i middle of the specimen between the scales to permit 


checking of the toniperature during atest. <he temperature was 


te 
N 
o 
(> 
ыў 
Q 
3 
с: 
سم‎ 
ex 
(9 
be 


generally checked thre- or four times during each tes 
бе necessary, to try to meintain thr desired tcimmerature for testing. 
Inat nalf of the furnace having the telescono Mounting was then 
Positioned. ihe telescones wer- focused oi! the scales which were 
turned about ihe ssecimen so as to be centered in th field of the 
telescoos. “не furnace was then closed and the position cf the scales 


ain checked through the telges>nes. Ure (о tHe Уж гепе 1 зай 
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field of the telescones, the above nrocess was found to be most 
exacting as any small movement of the furnace or the system often 
caused the scales to pass fror: the field of view. Then, the posi- 
tioning process would bave to be repeated, 

The load was then applied to the system and the positioning of 
the scales checked. the loading of the system was often founi to 
twist the system sufiiciently to cause the scales to turn out of the 
field of the telescope. ^s a result of this, the system was kept 


under a slight tension at ail times once it was aligned, This was 


of the stand. The resulting tension on the system was negligible 
co-nparea to the final loads applied, and this method merely induced 
small errors in the initial strains at the time of test. fhis initial 
load had no effect on the crees once the test began. 

Эпсе the system was properly aligned, a reading of the scales 
was taken anc recorded. The furnace control was then set on "high 
“until the temperature for test was attainea., This time varied fro 
Six to twelve minutes dependent upon the temperature for the test 
and how uck the furnace hac cooled from the previous test. Upon 
attaining the temperature for test, the furnace control was then set 
on ‘low’ as it was found that this setting gave a nore uniform heat 
througnout the furnace with the smallest variation of temperature at 
any point over the gage length oi tbe specimen. The specimen was 
then soaked at temperature for approximately fifty minutes (total 
length of test - one hour). During this entire heating period, a slight 


tension was maintained on the specimen, 


Upon completion of the heating period, an unloaded reading of 
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the scales owas taken. The loas was then smoothly applied ana the 


әзі run, Readings were taken every fifteen seconds during the test. 


ot 
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„1! the experimental daia obtained were plotted originally as 

Tire v5. Deformation. Thus, Pig. 14 throuch 16 give the results 

of the test of 755-76 at the chosen temperatures; Fig. 17 through 19, 
۲ — the results from 255-16; and Fig. 25 through 22, the results from 
the magnesiur alloy, #3-1, 

An these figures giving the data as obtained, there is an 
inconsistency in the deformation intercept of the curve at time zero. 
n general, there appears to be a tendency for an increased intercept 
with an increased Stress. ‘his is especially true of the rnagnesiurn 
alloy and the aluminum alloy, 25-76. This inconsistency in the 
deformation intercept at zero time is probably a direct result of tie 
testing trchnique. As reported in the procedure for testing, these 


tests were made with the specimen under a slight tension during the 


е 


keating reriod (to maintain the scales in the field of the telescopes). 


Dhis resulted in a variation of the stress apnlied to the snecimen dur- 


۱ А 


ing the heating period, Гогійег, any variation in the rate of loading 


(^ 


Оі Э specimen during a test would affect this intercept, And as this 
was done manunlly, some variations undoubtedly existed from test to 
test. ‘herefore, though these variations in the testing technique were 
kepi as few ard as smail as possible, their existence might well x- 
> sin ani inconsistency in the dzforw ation intercept. 

s a result of this inconsibtency in th~ intercept, the curves 


SbEvE were replott@d @s Strain vs. Time with all intercepts being 


С) 


Moved го the origin; 1. e., zero strain at zero time. Im these curvés, 


Ме zero=time strains were neglecied to fermit betier comparison of 
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the resulting creep curves at a given temperature. The results of 


0 


the renlatting of the initial curves are given by fig. 23 through 3l. 

on these figures, the minimura creep rates as obtained for 
eacr stress are noted, The characteristics of these creep curves 
are essentially those found for w ost alloys when tested under constant 
load. in general, a primary, secondary, and tertiary stage of creep 
are noted, ut as the stress increas-s for a given temperature, the 
minimum or secondary creep rate as well as the duration of each 
stage are all varied appreciably. The variations in the creep charac- 
teristics oi these alloys with varying stress at a given temperature 
are shown by cross-plots of Fig. £3 through 3l. 

iil the iranortant creep characteristics for these alloys can be 
found from the above two sets of curves. “hus, the initial creep 


а 


strainé > (total strain at zero tire) and the secondary or minimum: 
creen pus are recorded in Table li. One desirable characteristic 
could not te determined during these tests - time to rupture - since 
the testing inachine did not permit sufficient elongation of the speciwen 


ھا 


for rupture. > cross=-plots гпеаЦопт 8 above are for the purposes 
O£ cross comnarison and to permit easy reference for a given charac- 
teristic of the alloys. 

A study oi the above figures, together with those of Fig. 32 


through 38, show the aluminum alloys to have sunerior creen resl3- 


Ince to tar <niagnesium alloy, S2-l1, at the cormmon temperatures at 


Witch they wer stad. Zurther, betwern the aluminum alloys, 
; Qs 
70 -16 15 foun2 to be superior at 459", Eut 255-T6, superior at 


O -- с” жо 4 . , + 3 
S ; Bad, 3: 556 Ss, there is little gifference betwesn the two alloys. 
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> Jifferent scales on which the aluro ninum and the magnesiun 
Sliovs. are plotied is to be noted: this difference being the result of 
tne difference iz the nature of creep in the two different alioys at 


these temperatures. che alurriinum alloys, in general, exhibited a 





much lower minimum: creep rate at the higher stresses, with a 
sharply apnearing tertiary stage. Once the tertiary stage was 
eevelooed, the rate of deformation was too rapid to permit readings 
to be taken. curther, it was noted tna: the aluminurna alloys bad 
арргоаспеа their rnaximum elongation ai these temperatures: approx- 
imately 1/3 of the specimens were broken Бу the tests andi nearly all 
of thr others evid^nced a definite necking down region which occurs 
just prior to rupture, The magnesium alloy exhibited = much higher 
minimem creep rate under high stresses, but no sharoly appearing 
tertiary stage was developed in so far as these tests could be carried 
on {limitation of the loading machine on the elongation attainable). No 
evidence of necking down of the specimen was noted of the magnesium 
alloy. 15 a result, readings of a much greater deformation (limita- 
tion of the machine) could be taken of the magnesium alloy. 

ihe u.agnesium alloy was readily oxidized at the temperatures 
of this investigation, so that any effect of such surface phenomena 


EU creep resistonce of a n.etal Must be recognized is existing 
Guring tese tests. “owever, no attempt is made to differentiate sucl 
etfects in the data obtained, Қос such oxidation tendencies were found 
ior tie aluminum alloys 


Гір. 32 and 33 are cross-plots of “finirnum Creen Rate vs. Ótress. 


These figures most readily indicate the comparison of the alloys as 





l; 


given above. Jn fig. 32, a discontinuity is noted in tkə curva for 
4009Ғ at a stress of 12,600 psi. This ж was checked and found 
correct, and, as no time гог further checking was available, the 
discontinuity remains. A similar discontinuity is found on Fig. 35, 
which may well indicate that the stress of 13,990 psiis in error, 


+ 


ransition . ine 


+ 


Fig. 34 and 35 give cross-plots of Stress vs. 
wherein transition time is defined as that time at which the creen 
rate increases over that of the secondary or minimum creep rate, 
Ihe above two sets of cross-nlots give easy reference to these cre-p 
characteristics which are of the most importance to enginters, 

Fig. 36 through 38 are cross-plots of stress vs. :irne for 


Percent of Creep. Creep of 2-1/2, 5, and 7-1/2 percent are plotted 


thereon for the temperatures tested, 
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ШҰ. SONSLISIONE 


1. The aluminum alloys tested are sunerior creep resistant 


alloys to the magnesium alloy under conditions of high temoerature 





end high stress. fFiowever, the comparative creep resistance of 
the aluminum alloys is dependent upon the temperature ٤ ۷۶ 


5 3 ۰ ۰ ре а و‎ zu 
they are compared: 75-16 being superior at 450 "FF, 2535-76 at 


o 


cs | 
4. o 


500°F, and both alloys being nearly the same at 550 
2, These alloys would be unsatisfactory materials for iong 

time usage under conditions of hign temperature and near ultimate 
stress. owever, all the alloys tested might well De satisfactory 
for short duration usage at high temperatures and stresses within 
the range of values tested, provided the elongation which would occur 
under these conditions would not be a limiting factor; for examole, 

a. a sudden manuevering load on an already heated tr issile, 


b. short time acceleration loads on heated engine and 


missile components. 





IS 
VÉ. KILONS'ENLATICNS 


1. :he effect of soaking time at temperature, under the con- 
dition of high temperature and high stress, on the resultant creep 
rate of metals should be carefully investigated, as this property 
would essentially be tbe lirniting factor on the actual use of these 
metals under these conditions, ‘long this same line, the effect of 
shock loading of the metal in attaining high temperatures would be 
interesting. 

2, Certainly, the study of the effect of the addition of alloy- 
ing elements to improve the creep resistance of a basic metal is of 
major importance under the conditions noted herein. 

3, Tor future investigations, it is recommended that the fur- 
nace oe modified to insure the establishment of a more uniform 
Eu seraiture over the gage length of the specimen, This might 
easily be done by replacing the present vertical elements with three 
separate windings, covering the top, middle, and bottom: sections 
respectively, бле current through each section being acjusted indepen- 
dently to produce a uniform temperature on the specimen. 

4, itis also recomrnended that the lever arm of the loading 
machine be modified to permit measurements of deformation to rup- 
ture, as time to rupture under these conditions should probably be- 


corre of the more useful properties of any metal, 
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T AD ge » I 


ROM TERRE RAPTURE MECHANICSL PROPERTIES OF TaSTED 





ALLOYS 

Tensile Yield “long. моа. ої 

Strength Stress percent ۰12 ۷ 
Alloy (psi) (psi) iras: (psi) 

Nominal Properties (No exposure) _ 
755- Гб 84,800 76,500 10.0 10,27 x 109 
29%- T6 58, 700 40,450 8. 10.61 x 10° 
5-1 39,452 29,500 8.9 6.56 х 108 
50 Minute Exposure 

755- T6 S ۲ 17,700 Du 10.27 x 109 
255- Т6 31,598 12,600 1548 10.61 x 10° 
PS-1 39,565 29,000. 8.0 6.56 x 10° 








£ > E 
АПоу lenperature Stress Initial Minimum 
(x) (°F) (psi) Strain Creep Rate 
| (1 /һт.) 
75S-T6 oW 450 17,000 ¿00000 -----.--- 
16,500 .00625 1.568 
16,000 00750 0.600 
15,000 „00800 0.057 
235 500 PESA .Q1650 ------- 
11, 500 .C0750 2,445 
11,000 . 00820 0.783 
10,500 „©0725 0.528 
7,200 „00750 0.062 
561 550 9,000 „01000 Zo 
8,500 „01100 1.178 
8,000 .00950 0.680 
7,200 .00825 0.234 
255- Г6 505 450 16,000 „00938 1,340 
15,500 „©0855. 0.480 
15,090 „00650 0.340 
13,000 . 00662 0.042 
533 500 12 0 .00975 2.8095 
12,000 ‚00925 1.339 
11,500 . 00875 0.545 


11,900 ‚00812 0.357 








E = 
АПоу Temperatur» Stress initial |. Minimum 
(Ок) (CF) (psi) otrain Creen Rate 
(1 /hr.) 
255-Т6 561 550 9,006 01150 31985 
icont'd) 
8,500 01125 0.663 
8,000 01650 0.423 
75-1 478 400 13,000 02375 5:950 
12,000 ‚01782 5179 
11,000 „01450 1,253 
00 Obes 0.878 
16,000 ‚00950 2.600 
505 450 10,500 200019 6.660 
10,000 015875 4.300 
9,000 01300 1.555 
8,000 “+1 0.850 
533 500 8,500 „02275 5.205 
8,000 ‚01600 3.258 
7,200 .01775 1.3 


6,000 ‚01850 0.619 
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